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本研究于 2013 年 3 月至 2014 年 4 月对九龙江北溪、西溪和南溪河流端进行








调查期间北溪、西溪和南溪水流量均在 5 - 9 月（丰水期）呈现高值，而其
他时间则流量较低；平均日流量高于历史平均流量，属丰水年份。 
九龙江流域的溶解无机氮（DIN）、溶解无机磷（DIP）和硅酸盐（Si(OH)4）
含量分别为：252 μmol/L、4 μmol/L 和 217 μmol/L（流量加权平均值），产率则分





























北溪和西溪干流上 DIN 含量的变化总体上与 DIP 类似，说明氮、磷营养盐的同











有密切的联系，还与北溪众多的梯级电站有关。流域内雨水中 DIP 和 Si(OH)4含
量极低，但 DIN 含量较高，是九龙江流域氮营养盐的一个重要来源，而雨水中



















Nutrient is an essential chemical for aquatic organism. River provides an important 
link connecting the terrestrial and the marine ecosystem as well as key conduit for 
nutrient export. As the second largest river in Fujian province, the Jiulong River 
connects the Taiwan Strait and the developed area in southeastern Fujian with serious 
environment pressure.  
The lowermost downstreams of the north, west and south tributaries of the Jiulong 
River were sampled twice a month from March 2013 to April 2014 and the whole 
watersheds of the north and west tributaries were also sampled in wet (25th - 26th,  
October 2013) and dry (19th - 21st, January 2013) seasons, respectively. High discharge 
appeared in wet season (May to September) while low discharge in dry season (October 
to April) in all tributaries during the sampling period. Comparing with the historical 
average daily flow, 2013 - 2014 was a wet year. The concentrations of DIN, DIP and 
Si(OH)4 in the Jiulong River were 252 μmol/L, 4 μmol/L and 217 μmol/L (weighted 
average for flows) while the yields were 7.84 t N/yr/km2, 0.20 t P/yr/km2 and 10.48 t 
Si/yr/km2 respectively. The average concentration of nutrient in the west tributary was 
higher than the south and north tributaries. Major species of the nutrient flux were the 
west and north tributaries, while the nutrient yield in south was the highest. Comparing 
to the other rivers in the world the nutrient flux and yiled were high indicating its serious 
environment pressure in the Jiulong River. 
Generally, the concentrations of DIN and DIP were higher in dry season than wet 
season due to the dilution of rainfall. The DIN concentration showed a significant 
difference between wet and dry seasons in all three tributaries. NO3-N was a major 
species of DIN although NH4-N abundance was close to NO3-N in the west tributary. 
DIP concentration reached maximum during high flow events induced by typhoons in 
the south tributary, indicating the input of non-point anthropogenic sources by the 
















seasons was found for Si(OH)4 concentration while export flux of Si(OH)4 was higher 
in the wet season than dry season, indicating the increase export of weathering product 
during high flow period.   
DIP concentration in the main stem of the north tributary reduced from upstream 
to downstream, while a minimum DIP concentration was observed in the middle stream 
of the west tributary. Si(OH)4 concentration in the north tributary was somewhat stable 
with higher concentation in its branch tributaries comparing to the main stem, indicating 
weathering as a main source. However, there was no spatial variation of Si(OH)4 
concentration in the west tributary on both January and October. The spatial variation 
of DIN was similar to DIP in the north and west tributaries. As a major contribution to 
DIN, NO3-N showed a similar spatial variation to DIN, so did NH4-N. 
Si(OH)4 concentration showed no significant correlation with conductivity, 
indicating its different sources from the major ions in the Jiulong River. However, 
significant correlations between conductivity and DIN as well as DIP were observed in 
the north and west tributraies, indicating the anthropogenic pollution is the source for 
both N and P nutrient and major ions. However, such significant correlations between 
DIN, DIP and conductivity were not observed in the south tributary, indicating 
conductivity might be influenced by both weathering proceses and anthropogenic input. 
The spatial variation of nutrient concentration in the Jiulong River wateshed is 
influenced by the pollution loading (land-use type) as well as cascading hydropower 
plants in the north tributary. Meanwhile, rainfall-induced wet deposition of DIN was 
also an important nutrient source to the Jiulong River and partly resulted in the high 
N/P ratio in the Jiulong River. 
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要纽带（Bianchi, et al., 2014）。陆源物质通过河流向海洋输送及其对海洋环境的
影响和对气候变化的响应已逐渐成为国际上全球变化科学的重点研究领域。营养
盐向海洋的输送中，河流一直扮演着至关重要的角色。河流是海洋中溶解硅和磷
的主要来源，分别达到海洋总输入量的 82%和 75% - 94%（Tréguer et al., 1995; 
Benitez-Nelson, 2000）。河流向海洋输送的氮也是海洋获得氮的主要途经，尤其是
那些流域面积大、沿岸工农业生产密集的河流（Howarth et al., 1996; Vitousek et 
al., 1997; Xing and Zhu, 2002; Shen et al., 2003），陆地径流输送的总氮占 11% - 23%
（Bouwman et al., 2005），其中溶解无机氮的输送量为 2.08 × 1013 g N/yr（Kroeze 
and Seitzinger, 1998）。 
 
 
图 1.1 水循环示意图 



















生物固氮作用，因此氮、磷等营养盐含量较低（Cai et al., 2008; Guo et al., 2012; 







多河流中氮、磷营养盐含量及入海通量均大幅升高（Rabalais et al., 1996; Turner 
et al., 2007; Alexander et al., 2007; Wang, 2006; David and Gentry, 2000），而流域内
大坝建设则使水体停留时间变长（Vörösmarty et al., 1997），对溶解态硅酸盐形成
截留导致河流中其含量和输出通量降低及营养盐结构的变化（Wang, 2006; Chai 
et al., 2009; Chen et al., 2014; Zhang et al., 1999）。人类的城市建设和农业活动会
加剧土壤风化，同时形成城市、工业等点源污染及农业非点源污染。流域内各种
人类活动强烈地冲击着河流原有的生物地球化学过程（Degens et al., 1991）。 
据报道，约 50%的世界人口聚集在离岸 100 km 内的地区，而预计到 2050 年
则会达到 75%（Tilman et al., 2001）。而人口的增长势必对环境造成巨大压力，如
密西西比河氮、磷营养盐含量自 1960 年代至 1990 年代分别增长了 2 - 3 倍，但
硅酸盐含量则下降了约 50%（Rabalais et al., 1996），相应地其对墨西哥湾的氮、
磷营养盐输出通量也大幅增加（Turner et al., 2007），Alexander et al.（2007）认为
其输送主要与农业生产（氮、磷分别为 66%和 43%）和城市生活污水（氮、磷分
别为 9%和 12%）有关。美国伊利诺斯州内各流域化肥施用的氮、磷输出自 1950
年代年至 20 世纪末分别增长了约 20 倍和 15 倍（David and Gentry, 2000）。同样
的，长江氮、磷营养盐含量自 1960 年至 2005 年均增长了近 10 倍而硅酸盐含量
则下降了约 3 倍（Wang, 2006），而三峡大坝的建设则导致了硅氮比（Si/N）自
















（Chai et al., 2009），Zhang et al.（1999）则早在上世纪末通过模型计算预测了 2010
年长江地区 N/P 比会因三峡大坝而上升至 300 - 400。 
同时随着全球 CO2含量不断上升（图 1.2），诸如厄尔尼诺等极端异常气候近
年来不断上演（Xu et al., 2013; 冯利华，2001），其会直接导致干旱、暴雨、山洪
等极端事件，这将对河流营养盐的形态及其输出过程产生明显改变（Tesi et al., 
2013; Mengistu et al., 2013; 黄金良等，2004）进而影响河流生态系统，河水通量
的显著改变则会影响营养盐的输出通量（Chen et al., 2012; Cai et al., 2013）。  
尽管人类正在给世界上的河流带来重大影响，但不同流域之间以及流域内不
同区域之间的社会经济情况及流域自身特性决定了其差异性（Howarth et al., 1996; 





图 1.2 全球 CO2含量变化 
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